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SUMMARY
An experiment was conducted at the Moody Re­
search Center (formerly Moody Experimental Farm) in 
northwestern Iowa to examine the effects of meadow- 
kill on crop yields and on soil moisture in the spring. 
The experiment utilized a corn-oats-meadow-meadow 
rotation with meadow-kill treatments applied to the 
second-year meadow at various times of the growing 
season. Twenty years (1958-1977) of data were used for 
the analyses presented in this bulletin.
Three treatments were used in the experiment. In 
the first, the control treatment, the second-year 
meadow was harvested two or three times. The plots 
were plowed the following spring before corn was 
planted. The second treatment was a "short fallow” 
treatment, in which second-year meadow was killed 
with herbicides in the early fall after the second cutting 
of hay. The third treatment was a longer fallow treat­
ment, with meadow killed in midsummer after the first 
hay cutting. Plots receiving the second and third treat­
ments also were spring plowed.
The purpose of the meadow-kill treatments was to 
prevent transpiration of water by the alfalfa. It was 
believed that such treatments would result in more soil 
moisture available for the following corn crop. The 
average amounts of available stored moisture on May 1 
following the second-year meadow were 3.3, 4.1, and 
4.6 inches for treatments one, two, and three, respec­
tively. The average com yields for the three treatments 
were 62.1,70.1, and 73.0 bushels per acre, respectively.
This experiment demonstrated that com production 
in northwestern Iowa depends on stored soil moisture 
at the time of com planting. In the 20 years of this 
experiment, 5 inches of stored plant-available water 
were sufficient for corn yields of more than 40 bushels 
per acre. When 7 inches were stored in the soil, corn
yields were nearly always greater than 80 bushels per 
acre. Crop failures (less than 40-bushel-per-acre com 
production) occurred on half of the plots that started the 
season with less than 3 inches of available moisture in 
the soil profile.
A corn-moisture response curve was estimated, 
with preseason stored moisture and a weather index as 
explanatory variables. The weather index was a 
weighted average of May, June, July, and August pre­
cipitation, with weights of XA ,1, 2, and V2, respectively. 
The moisture response was adequately approximated 
by the logistic function. The estimated logistic equation 
is
Y = 148.7 [l + exp(5 .903-0.432 X - 0.299 W )]“ 1
where Y is predicted corn yield, X is available moisture 
stored in the 5-foot soil profile, and W is the weather 
index. The logistic equation was used to compute a 
table of com yield probabilities.
There seemed to be no effect of the meadow-kill 
treatments on the yields of oats following the corn crop. 
The average yield of oats for the 20-year period 1958- 
1977 was 62.4 bushels per acre. Also, yields of the first 
year of meadow following the oats seemed to be the 
same for all treatments. The average yield for the first- 
year meadow was 2.51 tons of hay per acre for the 
20-year period.
Second-year meadow yielded 2.55 tons of hay per 
acre on the control plots. For plots on which meadow 
was killed in the early fall, 2.12 tons of hay per acre 
were obtained. Second-year meadow killed in midsum­
mer had an average of 1.53 tons of hay per acre har­
vested in years when grown.
92
Comparison of Meadow-Kill Treatments 
on a Corn-Oats-Meadow-Meadow 
Rotation in Northwestern Iowa1
by R. P. Mowers, W. A. Fuller, and W. D. Shrader2
Moisture is often the limiting factor for com produc­
tion in northwestern Iowa. Average annual precipita­
tion for the northwestern part of Iowa is 27 inches, 
compared with a statewide average of approximately 
31 inches (Shaw and Waite, 1964). Summer rainfall in 
northwestern Iowa also is less than in the rest of the 
state, making moisture stored in the soil before com 
planting especially important for crop production in 
that part of the state.
The moisture available to com depends on the crop 
rotation used. For example, on the average, greater 
amounts of preseason stored soil moisture will be avail­
able to com in continuous com or a com-soybean rota­
tion than in a corn-oats-meadow-meadow (COMM) 
rotation. Com following meadow will have less stored 
soil moisture because of transpiration by the alfalfa 
meadow throughout the late fall and early spring.
Treatments to kill the alfalfa in midsummer or 
early fall were used in this experiment to prevent or 
reduce transpiration, allowing more moisture to be 
stored in the soil profile for corn the following year. 
There is, however, a major drawback in killing the 
alfalfa—less hay is produced. A decision on whether to 
use a meadow-kill treatment requires weighing the 
benefits of added corn production from additional 
stored soil moisture against the loss of hay production.
Results of this experiment should help farmers and 
agronomists estimate chances for success or failure of 
com when amounts of soil moisture stored in the spring 
are known. Rates of planting and fertilization can be 
adjusted according to the estimated probability of a 
successful com crop, or, in the event of a predicted crop 
failure, a more drouth-resistant crop, such as grain 
sorghum, may be substituted for com. Also, estimated 
crop yields for the COMM rotation should help deter­
mine the economic feasibility of this rotation and of the 
meadow-kill treatments.
LITERATURE REVIEW
In the absence of irrigation, com draws from two 
sources of water supply: preseason moisture stored in 
the soil and precipitation during the growing season. A 
model for prediction of com yield should therefore in­
clude preseason stored water and summer rainfall as
variables. However, the stages of com growth at which 
summer rains occur, as well as other weather factors, 
such as temperature and evaporation, influence com 
production. Using a weather index incorporating these 
other factors is often superior to using total summer 
rainfall in constructing corn yield regression equations.
Several researchers have found that, under the 
weather conditions of the Midwest, plant-available wa­
ter in the soil at time of planting is related to the 
amount of com harvested. Shaw and Burrows (1966) 
estimated that, in Iowa, an increase of 1 inch of stored 
available water was associated with an increase of 6-10 
bushels of com per acre. Holt et al. (1964) reported 
highly significant linear and quadratic regression 
coefficients for stored soil water in an analysis of 2 years 
of data from several locations in western Minnesota 
and eastern South Dakota. From work done in Illinois, 
Leeper et al. (1974b) found that a simple, effective 
regression equation could be based on the amount of 
preseason soil water and weather variables. In their 
work, Leeper et al. (1974a) assumed that the amount of 
stored soil water equalled the water-holding capacity of 
the soil because the soil was normally completely 
charged with moisture in the spring.
Holt et al. (1964) found that soil water stored in the 
spring differs in importance when summer rainfall is 
low or high. With above-average precipitation during 
July, the importance of stored soil moisture was less. 
Com was more dependent on preseason available soil 
moisture when moisture stress occurred during the 
growing season. This implies that the variables to be 
used in a prediction equation for com production should 
include weather variables affecting maize growth dur- 
ing the season as well as stored soil moisture.
The importance of summer rainfall to a growing 
com crop depends upon the stage of growth during 
which the rainfall is received. Aldrich et al. (1975) 
noted that moisture is most essential to the com plant 
during the period of pollination. The vegetative stage 
(from emergence to the pollination stage) is second in 
importance. These authors considered moisture to be 
less critical during the kernel-fill or maturation stage 
than during the two preceding stages of development. 
Denmead and Shaw (1960) found that moisture stress 
during silking was approximately twice as important 
in reducing com production as stress during the vegeta­
tive stage.
Other researchers have found that the moisture 
requirement during pollination is greatest, with less 
moisture being necessary in the kernel formation and 
early vegetative stages. Holt and Van Doren (1961)
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reported that the period between tasseling and kernel 
formation had the greatest water requirement and that 
water usage after kernel formation drops sharply. Holt 
and Timmons (1968) divided the period between 1-foot 
plant height and silking into two equal intervals. Rain­
fall during the time interval closest to time of silking 
was more influential than that received during the 
earlier vegetative stage. By using the regression of com 
yields on monthly or biweekly rainfall totals, Thomp­
son (1969) and Holt et al. (1964) have shown that rain­
fall just before or during the pollination stage is more 
important than that occurring earlier or later in the 
season. In the Midwest, com pollination often occurs in 
late July so that July rainfall is the most important 
monthly rainfall.
A relative weighting of monthly rainfall totals and 
inclusion of other climatic variables, such as tempera­
ture and pan evaporation, may produce a single weath­
er index adequately describing seasonal weather influ­
ence on com production. Morris (1972) stated that in­
dexes integrating the contributions of weather to crop 
yields have been used in simulation models with excel­
lent results. Shaw (1974, 1978) has effectively used a 
moisture-stress index involving weighting of 5-day 
rainfall amounts in regression equations to predict com 
yields. Leeper et al. (1974a,b) used a modification of the 
polynomial summation technique proposed by R. A. 
Fisher (1924) to create indexes of weather and soil 
moisture throughout the growing season. The weather 
indexes were based on weekly rainfall and average 
daily maximum temperatures. Hence, creation of a 
weather index involving relative weightings of weath­
er variables according to the theory of com moisture 
use shows promise as a regression variable.
MATERIALS AND METHODS
The experiment to measure the effect of soil mois­
ture on com yield was carried out at the Moody Re­
search Center in Lyon County, Iowa, from 1957 to 1979. 
The soil at the experimental site is a Moody silty clay 
loam, a fine-silty, mixed, mesic Udic Haplustoll. Char­
acteristics of Moody soils are discussed in detail by 
Oschwald et al. (1965). These soils are generally deep, 
well drained, moderately fine-textured, and have high 
available water-holding capacity. In Lyon County, 
average anticipated crop yields for a high level of man­
agement on these soils are about 85 bushels of corn, 72 
bushels of oats, and 3.6 tons of hay per acre (Dankert 
and Hanson, 1978). These predicted yields are for 
Moody soils on 2- to 5-percent slopes, approximately 
that of the experimental area.
Weather data used for the analyses in this bulletin 
are precipitation totals and average temperatures for 
the months May, June, July, and August, and class A 
pan-evaporation totals for June, July, and August. 
Rainfall at the research center was measured with a 
standard 8-inch recording rain gauge. Average rainfall 
amounts at the experimental farm for the years 1958- 
1977 were 3.17, 3.77, 3.21, and 3.52 inches for May, 
June, July, and August, respectively. Temperature 
data used for this experiment were obtained from the 
Inwood weather station during the years preceding and
including 1972 and from Rock Rapids in subsequent 
years. Temperatures were calculated as deviations 
from the mean temperatures at the weather stations 
from which they were obtained. Estimated class A pan­
evaporation values at the Moody Research Center for 
the months June, July, and August were obtained from 
Dr. R. H. Shaw of the Agronomy Department, Iowa 
State University.
The experiment was designed as a long-term, fixed- 
rotation experiment with a com-oats-meadow-meadow 
rotation. The experimental area was divided into four 
separate parts, each of which in a given year carried 
one of the crops in the rotation. These parts, called 
series, and the crops grown on them in the years 1957- 
1961 are given in Fig. 1. The series are labeled A, B, C, 
and D, and the crops are labeled C, O, M l, and M2 for 
corn, oats, first-year meadow, and second-year 
meadow, respectively.
Each series area was subdivided into three blocks, 
labeled I-III. Treatments were randomized within the 
blocks at the initiation of the experiment, but, because 
of the fixed rotation, were not randomized in subse­
quent years. Each series area was 0.29 acre, and each 
individual plot was 0.024 acre.
Treatments were applied to the individual plots 
only during the second year of meadow. The treatments 
were:
Treatment 1 (control): Meadow cut two or three 
times for hay; land plowed in spring before planting 
com.
Treatment 2 (short fallow): Meadow killed in early 
fall at a height of 6 to 8 inches after second cutting of 
hay; land plowed in spring before planting com.
Treatment 3 (long fallow): Meadow killed in mid­
summer at a height of 6 to 8 inches after first cutting of 
hay; land plowed in spring before planting com.
The meadow was killed by spraying with herbi­
cides. Sometimes more than one spraying was required 
to destroy the alfalfa regrowth.
Plots labeled (4) in Fig. 1 were used in the statewide 
soil-moisture sampling program. These plots were not 
sampled for soil moisture at the same times or in the 
same manner as the other plots were. Therefore, data 
from these plots were not included in the analyses.
The year the experiment was begun, 1957, meadow 
was first sown on both C and D series plots (see Fig. 1). 
The treatments normally applied to second-year 
meadow plots were applied to series C plots in 1957. 
Because 1958 was the first year that com followed 
treated meadow plots, data from that year were the 
first to be used in this bulletin. Analyses are for the 
years 1958 through 1977.
Yields from corn, oats, first-year meadow, and 
second-year meadow were obtained for each year. Also, 
soil-moisture measurements were taken in the spring 
on the plots to be planted in com that year. The data on 
com yields and amounts of spring soil moisture are 
included in Appendix A. The culture of each crop and 
methods for determination of soil moisture are given in 
the following paragraphs.
Com plots usually were planted the second week of 
May. Com was planted in 40-inch rows and approx-
AFigure 1. Diagram of experimental area.
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imately 2 inches deep. Varieties differed from year to 
year. The plant population was controlled by planting 
at a high rate and thinning in mid-June to the desired 
plant population. In the years 1957-1964, the final 
stand was 12,000 plants per acre, and in the years 
1965-1977, it was 14,000 plants per acre. Plots were 
spring plowed, harrowed, planted, rotary hoed, and 
cultivated two or three times. Corn yields were deter­
mined by harvesting 33.3 feet of two rows (0.00510 
acre). All yields were adjusted to a 15.5-percent mois­
ture level.
Oats and alfalfa were seeded together in the early 
spring of the oats crop year at the rates of 2 bushels per 
acre and 12 pounds per acre, respectively. Oats were 
harvested from an area 3.2 feet by 23.5 feet (0.0017 
acre). Oat yields were not adjusted fofcmoisture. After 
oat harvest, the stubble was clipped but not removed.
Two or three cuttings of hay were ^ harvested for 
yield from first-year meadow. In the second-year 
meadow, two or three cuttings were taken from treat­
ment 1 plots, usually two cuttings were taken from 
treatment 2 plots, and one cutting from treatment 3 
plots. The area sampled for hay yield was 3.2 feet by 20 
feet (0.00145 acre), and yields were adjusted to dry- 
matter weight.
Each year in April, the com and oat plots were 
fertilized with 17.5 and 26.2 pounds per acre, respec­
tively, of phosphorus (P). Starter fertilizers were ap­
plied on com plots in most years, and the amounts 
applied are given in Table 1. Soil samples were taken 
from one series of plots each fall, and in some years, leaf 
samples were taken from corn plants. On the basis of 
analyses of these samples, fertilizers were applied so 
that fertility levels did not fall below recommended 
levels.
Table 1. Amounts of starter fertilizer applied to corn 
Moody moisture-legume experiment (pounds per 
nutrients)
Year N P K
1958a 60 9 0
1959 5 9 8
1960 0 9 0
1961 0 9 8
1962 5 9 8
1963 5 9 8
1964 5 9 8
1965 6 10 10
1966 6 10 10
1967 6 10 10
1968 6 10 10
1969 6 10 10
1970 6 10 10
1971 6 10 10
1972 0 0 0
1973 6 10 10
1974 0 0 0
1975 6 10 10
1976 6 10 10
1977 6 10 10
a
In 1958 60 pounds N per acre were broadcast applied.
and 9 pounds P were applied near the seed row.
plots, 
acre of
Soil moisture measurements were taken on the corn 
plots before spring planting. Two sample cores of soil 
were taken from each plot. Samples were taken from 
the plots in 1-foot increments to a depth of 5 feet. The 
final samples were a composite of the two cores. Percen­
tage moisture by weight was determined gravimetri- 
cally. The conversion to inches of water in the soil 
profile was accomplished by the formula:
4 « (mj-W i) x (12 in./ft) x (di)
iti 100
where X is the total amount of stored soil moisture, m; 
is the percentage moisture by weight in the ith soil 
layer, Wj is the percentage moisture of the ith layer at 
permanent wilting point, dj is the bulk density of the ith 
layer, and the ith layer is defined as that increment of 
the soil profile between (i-1) and i feet deep. This formu­
la is a generalization of the formula given by Shaw et 
al. (1959) and takes into account different bulk densi­
ties for different depths below the surface. Because field 
capacity is seldom exceeded for an appreciable length of 
time on these plots, there was no provision in the for­
mula for moisture in excess of field capacity.
The bulk densities used were 1.23,1.27,1.33,1.33, 
and 1.33 g/cm3 for the first through fifth layers. The 
bulk densities are those determined by Jolley.3 Perma­
3Von D. Jolley. Theoretical and measured soil acidity from N fertiliz­
er as related to the N recovered in crops and soil (Table 7, p. 94). 
Unpublished M.S. thesis. Iowa State University Library, Ames. 
1974.
nent wilting point (PWP) moisture contents were deter­
mined from samples subjected to 15 atm tension and 
were averages over all plots for each 1-foot soil-depth 
increment. The values obtained for Wj were 14.4,13.1, 
11.6, 11.0, and 10.6 percent for the first through fifth 
layers.
RESULTS AND DISCUSSION 
Analyses of Variance
Analysis of variance tables were constructed for 
com, oat, and first-year meadow yields and for avail­
able moisture. Principal interest was in effects of 
meadow-kill treatments on available moisture stored 
in the soil the spring following second-year meadow 
and the changes in com production associated with 
these differences in stored moisture. Oat and first-year 
meadow yields were tested to determine whether re­
sidual effects from the treatments were present.
The analyses of variance are presented in Table 2 
and are of the fixed rotation type described by Yates 
(1954). Sources of variation include those pertaining to 
plot totals and to plot x year interaction. By using plot 
totals over all years, sums of squares for series and for 
blocks within series are constructed (see Fig. 1 and 
Table 2). The treatment mean square is tested with the 
treatment x block (plot error) mean square. Because 
crops were not grown on all series areas each year, the 
series effects include differences associated with years. 
Treatment x series effects also include treatment x year
Table 2. Analyses of variance for corn, oat, and first--year meadow yields, and available
moisture'a
bCorn lT b Oat Meadowk i bAvailable moisture
Source df MS MS MS MS
Series
(S)
3 49,878.16** 3,384.54** 12.739** 28.6821**
Treatment
(T)
2 1,933.31** 80.59 0.2851 24.3952**
T x S 6 283.47** 37.92 0.1795 0.4048
Blocks Within 
Series (B)
8 85.67 99.61 0.1578 0.6876
Plot Error 16 36.89 43.92 0.1946 0.7915
Years Within 
Series 16 15,091.20** 4,312.04** 8.9857** 43.3407**
(Y)
Y x T 32 186.98** 30.86 0.0731 ' 1.5382**
Y x B 32 50.43 18.50 0.1057 0.5088
Plot x Year 
Error
64 37.90 50.75 0.0697 0.6982
Corrected
Total
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aSignificance levels for F-tests in this and all subsequent tables are indicated by * 
for the 0.05 level, and ** for the 0.01 level.
^Corn and oat yields were measured in bushels/acre, meadow yields in tons/acre, and 
available moisture in inches.
Table 3. Analyses 
and corn
o f  variance 
y ie ld s
fo r  a va ilab le  moisture at p lanting
A vailab le moisture Corn
Source df MS MS
Series, Year, B lock,
and Year x Block 59
Treatment 2 24.3952** 1933.31**
Year x Treatment 32 1.5382** 186.98**
Series x Treatment 6 0.4048 283.47**
Pooled Error 80 0.7168 37.70
effects. The treatment x year interaction (Y x T) is 
tested with the plot x year error mean square.
Table 3 is a condensation of corn-yield and available 
moisture analyses presented in Table 2. Plot and plot x 
year error sums of squares were pooled to obtain an 
80-degrees-of-freedom error term because there were 
only slight differences in plot and plot x year error 
mean squares. This pooled error term was then used to 
test treatment and year x treatment effects.
Plant-available soil moisture
moisture. This is considerably less than the modal class 
of 6 to 8 inches observed by Holt et al. (1964). In the 
study by Holt et al., com generally followed row crops 
rather than meadow. This illustrates that the COMM 
rotation results in less stored soil moisture for com.
Treatment effects on spring stored soil moisture 
were significant at the 0.01 probability level (Table 3). 
Table 4 displays the amounts of available moisture for 
each treatment for each year. The average amount of 
available moisture on control plots for the 20-year 
period was 3.3 inches. Treated plots had more spring 
moisture, averaging 4.1 inches on treatment 2 (short- 
fallow) plots and 4.6 inches on treatment 3 (long-fallowT) 
plots. Killing the meadow in early fall resulted in an 
average of 0.8 inch more stored moisture than the con­
trol, and midsummer meadow-kill resulted in 1.3 in­
ches more than the control.
The year x treatment interaction also was signifi­
cant at the 0.01 level (Table 3). Table 4 illustrates this 
interaction. In several years (1959, 1962, 1965, 1969, 
1970, 1975), there were no apparent differences in 
stored moisture for different treatments. In other years, 
the meadow-kill treatments increased amounts of soil 
moisture.
The distribution of amounts of stored soil moisture 
following second-year meadow observed in this experi­
ment is depicted by the frequency histogram in Fig. 2. 
The modal class was 2 to 3 inches of stored available
Corn yields
Com yield was correlated with the amount of soil 
moisture present at planting time. Table 5 contains the 
distribution of com yields observed in this experiment
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Figure 2. Frequency distribution of available moisture.
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Table 4. Average ava ilab le  moisture by treatment, 
Moody moisture-legume experiment (inches 
in 5 -fo o t  p r o f i le )
Year Treatment 1 Treatment 2 Treatment 3
1958 4.6 6 .1 7.5
1959 2.0 2.2 2.1
1960 7.7 8.7 9.5
1961 3.4 4.1 5.7
1962 4.4 3.7 4.6
1963 1.2 4.1 4.3
1964 2.9 3.0 3.7
1965 3.6 4.0 3.3
1966 4.4 5.9 6.8
1967 2.4 4.1 4.2
1968 1.4 1.3 1.9
1969 6.0 5.8 6 .3
1970 3.4 3.6 2.9
1971 1.3 2.0 1.8
1972 6.1 6.5 7.2
1973 6 .1 7.9 8.9
1974 0.8 2.9 3.0
1975 3.6 3.4 3.7
1976 0.3 2.5 2.8
1977 0.9 0.6 1.4
Average over 
years 3.3 4.1 4.6
for given amounts of available moisture stored in the 
spring. As can be seen from the table, higher com 
production was associated with larger amounts of 
stored moisture. Com production was in excess of 75 
bushels per acre on all plots that had more than 7 
inches stored spring moisture. The only observation for 
which 5 inches or more available moisture resulted in 
less than 40 bushels of com per acre occurred in 1970. 
In that year, low summer rainfall led to a crop failure 
(see Table 6). However, corn production below 40 
bushels per acre often was observed on plots for which 
less than 3 inches stored soil moisture were measured. 
Fewer than half the plots with less than 3 inches of 
moisture had com yields greater than 40 bushels per 
acre, and only 15 percent had yields of more than 80 
bushels per acre.
The dependency of com on preseason stored mois­
ture implies that meadow-kill treatments should affect 
com production and amount of stored moisture similar­
Table 6. Average corn y ie ld s  by treatment (b u /A ), Moody 
moisture-legume experiment
Year Treatment 1 Treatment 2 Treatment 3
1958 48.3 62.3 74.8
1959 44.9 60.7 51.3
1960 105.5 98.9 100.2 ,
1961 72.4 93.8 99.5
1962 105.0 90.5 100.8
1963 31.7 56.6 60.0
1964 97.1 94.2 99.4
1965 108.4 114.2 108.0
1966 22.0 58.3 76.9
1967 8.5 27.3 23.7
1968 0 0 0
1969 142.3 148.8 154.6
1970 4.4 0 .4 2.5
1971 33.9 46.0 50.7
1972 136.7 140.2 135.1
1973 141.0 154.7 154.6
1974 0 0.4 5.4
1975 58.0 66.1 62.5
1976 6 .7 14.7 15.5
1977 74.6 73.3 85.5
Average over 
years 62.1 70.1 73.0
ly. Table 3 indicates that this is so. For com yields, 
treatments and year x treatment interactions were sig­
nificant at the 0.01 probability level.
Table 6 contains annual average com yields and the 
20-year average com yields for each treatment. Aver­
age com production on control plots was 62.1 bushels 
per acre and, on treated plots, 70.1 and 73.0 bushels per 
acre for early-fall and midsummer meadow-kill, respec­
tively. Average yield increases over the control were 8 
and 11 bushels per acre for the short and long fallow 
treatments, respectively. Thus, with increased length 
of the fallow period, there were increased amounts of 
available moisture at planting and increased corn pro­
duction.
Table 6 also contains information on the nature of 
the year x treatment interaction. In years with high 
com production, the treatments generally had little 
efiect on yields. Indeed, in analyses of variance for 
individual years, none of the years with greater than
Table 5. Observed plot corn yield distribution for ranges of stored soil moisture, 
Moody moisture-legume experiment, 1958-77.
Spring Soil 
Moisture 
(inches)
Number of 
Observations
Average
Yield
(bushels/acre)
Range of 
Corn Yield 
(bushels/acre)
Fraction
Less than 40 bu/A 
(%)
of Yields
Greater than 80 bu/A 
(%)
0 1 LO O 73 39 0-111 51 15
3.0-5.0 50 60 1-124 32 36
5.0-7.0 35 109 0-162 3 66
over 7.0 22 119 76-163 0 91
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100 bushels per acre average com production (1960, 
1965, 1969, 1972, and 1973) had a significant treat­
ment effect. Likewise, when there was a total crop 
failure (for example, 1968,1970,1974), com treatment 
effects were not significant. For years between these 
extremes, there was a tendency for yields to be im­
proved by the meadow-kill treatments.
Oat and first-year meadow yields
In the analyses of variance for oats and first-year 
meadow, presented in Table 2, treatment and year x 
treatment interactions were not significant. There 
seem to be no effects of the treatments on these crops. 
The main effect of the meadow-kill treatments was to 
increase the spring moisture available for the com crop 
immediately following, and this com crop would tend to 
transpire more water if more were available. Hence, 
there would be a more uniform moisture supply among 
the plots with different treatments after the year of 
com growth. Also, the rainfall for an additional year 
would tend to equalize the moisture supply for oats or 
meadow.
Average oat and first-year meadow yields for the 
years 1958-1977 are given in Table 7. The average oat 
yield over these years was 62.4 bushels per acre. Only 
in one year (1968) did oat yields fall below 35 bushels 
per acre. In 1968, because of dry conditions, 5.8 bushels 
per acre were harvested. There were years, such as 
1970 or 1974, in which the com crop was a total failure, 
but the oat crop was not.
The 20-year average hay yield for first-year 
meadow was 2.51 tons per acre. Hay production ranged 
from 0.6 to 4.5 tons per acre. In 1968, both com and oats 
failed, but about 1 ton of hay per acre was produced.
Second-year meadow yields
Yields of second-year meadow for each of the treat­
ments are given in Table 7. On control plots, the aver­
age second-year hay production (2.55 tons per acre) was 
nearly the same as the first-year production (2.51 tons 
per acre). For second-year hay yields, years in which 
treated plots were not substantially different from the 
control generally had the same number of hay cuttings 
taken, or the last cutting from control plots was small.
Second-year meadow plots usually had different 
numbers of cuttings harvested, so there were large 
differences among treatments in second-year alfalfa 
production. The decline in amount harvested for treat­
ment 2 (short fallow) as compared with the control 
(treatment 1) was 0.43 ton/A. Economically, this loss 
must be weighed against the increase of 8 bushels per 
acre in com yields the following year for this meadow- 
kill treatment. Treatment 3 (long fallow) plots had an 
average hay production loss of approximately 1 ton per 
acre and an increase in com yields of 11 bushels per 
acre, compared with the control. Thus, 0.6 ton less hay 
and 3 bushels more com per acre were produced for the 
mng fallow treatment than for the short fallow treat­
ment. This makes stopping meadow growth after the 
irst cutting a less attractive alternative than stopping 
meadow growth after the second hay cutting.
Table 7. Oat and meauow y ie ld s , Moody m oisture-legume experiment
Year
Oats
bu/A
F irs t  Year 
Meadow 
tons/A
Second 
TMT 1
Year Meadow 
TMT 2
(tons/A ) 
TMT 3
1958 67.7 1.50 3.30 3.08 2.14
1959 38.6 1.10 2.27 2.14 1.67
1960 77.0 3.02 2.49 2.51 1.70
1961 78.3 2.28 2.73 2.34 2.08
1962 43.2 2.22 2.89 2.61 1.56
1963 35.8 0 .58 0.56 0 .62 0 .0
1964 73.8 1.57 2.42 2.25 1.94
1965 77.2 3.44 4.22 3.13 2.31
1966 59.3 3.12 2.37 1.48 1.50
1967 75.0 2.01 1.81 1.71 1.14
1968 5 .8 1.06 0.83 0.98 0.45
1969 79.0 3.57 3.97 3.37 2.12
1970 46.6 3.08 1.09 1.11 1.18
1971 97.6 2.83 3.25 2.89 1.74
1972 76.8 4.49 4.50 3.74 2.18
1973 72.5 3.72 3.03 2.45 1.95
1974 62.3 3.40 2.72 1.81 1.60
1975 82.0 2.90 2.57 1.63 1.11
1976 41.0 1.73 0.89 0.73 0.77
1977 58.4 2.62 3.09 1.84 1.51
Average 62.4 2.51 2.55 2.12 1.53
A further consideration in comparing the meadow- 
kill treatments is the power requirement for plowing. 
Shrader and Murdock (1970) reported that the treated 
plots were easier to plow than the more heavily vege­
tated control plots.
Corn-Moisture Response Function
Development of the corn-yield, soil-moisture predic­
tion equation required several steps. First, variables to 
be included in the prediction equation were selected. 
Preliminary linear regression equations were used to 
select variables important for the weather index and to 
indicate the relative weighting of these variables. Next, 
a logistic equation relating com yield to spring soil 
moisture and the weather index was fitted by using 
nonlinear regression. Finally, a table of corn-yield 
probabilities for given amounts of stored soil moisture 
was generated from the logistic equation. A  discussion 
of the statistical aspects of measurement error in soil 
moisture is given in Appendix B.
Regression variables: Stored soil moisture
It was demonstrated in the analysis of variance 
section that corn yields were highly dependent on 
stored soil moisture (Table 5). Further evidence of this 
dependency is given in Table 8, which contains annual 
average corn yields and annual average amounts of 
preseason available moisture. Three years had average
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com yields above 135 bushels per acre. For those years, 
available soil moisture averaged 6.7 inches. There were 
5 years with less than 20-bushel-per-acre average com 
yields, and the average stored moisture for those years 
was 2.5 inches.
The estimated linear correlation between annual 
average com yields and annual average preseason soil 
moisture was 0.66. Also, in a preliminary regression 
equation computed with annual average stored soil 
moisture as the independent variable and annual aver­
age com production as the dependent variable, the 
soil-moisture coefficient was significant at the 0.01 
probability level.
Regression variables: A weather index
Com production is associated with seasonal rainfall 
as well as with stored soil moisture. The total summer 
precipitation for each year of this experiment is given 
in Table 8. Two years with very low stored available 
soil moisture were 1959 and 1977. In those years, sum­
mer precipitation partly offset the lack of spring soil 
moisture, and more than 50 bushels per acre of corn 
were produced each year. In 1958 and 1966, high 
amounts of soil moisture were present in the spring, but 
summer rainfall was not adequate for high com yields.
A weighted average of monthly rainfall totals is 
superior to total summer rainfall as an indicator of 
weather suitability for com production. This is illus­
trated by the summer precipitation events of 1971 and 
1974. Both preseason soil moisture and total summer 
rainfall were less in 1971 than in 1974. In 1974, howev­
er, about half the summer rainfall occurred in August, 
too late to help the crop during pollination. Conse­
quently, in 1974 only about 2 bushels of com per acre 
were produced as compared with 40 bushels per acre in 
1971.
Computed correlation coefficients between corn 
yield and monthly rainfall show the tendency of rain­
fall in different months to have different effects on com 
yield. Table 9 is a correlation matrix for yearly average 
com yields; yearly average stored soil moisture; month­
ly rainfall for May, June, July, and August; average 
monthly temperature for May, June, July, and August; 
pan evaporation for June, July, and August; and plant 
population. The linear correlation of July rainfall with 
com yield is considerably higher than the correlations 
of other monthly rainfall totals with com yield.
A single weather index was created from a pre­
liminary regression equation in which yearly average 
com yields were regressed on yearly average soil mois­
ture and the four monthly rainfall totals. The weather 
index was a weighted average of monthly rainfall to­
tals. It was computed as:
W — 0.5 Ri + R.2 + 2R3 + 0.5 R4, 
where W denotes the weather index, RL May rainfall,
Table 8. Annual average corn yield,spring soil moisture, May-August rainfall, 
and computed weather index for Moody moisture-legume experiment
Year
Average Corn Seed 
Yield (bu/A)
Average Available 
Moisture (in.)
Total May-Aug. 
Rainfall (in.)
Weather Index 
(in. precipitation)
1958 61.8 6.1 6.6 9.0
1959 52.3 2.1 19.6 11.4
1960 101.5 8.6 17.4 12.7
1961 88.6 4.4 14.9 11.3
1962 98.8 4.3 16.2 17.4
1963 49.4 3.2 10.0 13.4
1964 96.9 3.2 16.5 18.1
1965 110.2 3.7 16.2 16.4
1966 52.4 5.7 9.4 10.1
1967 19.9 3.5 12.8 10.8
1968 0 1.6 8.9 10.5
1969 148.5 6.0 15.8 16.5
1970 2.4 3.3 7.1 8.6
1971 43.5 1.7 12.9 13.8
1972 137.3 6.6 20.1 20.0
1973 150.1 7.6 14.2 18.5
1974 1.9 2.2 13.3 9.5
1975 62.2 3.6 16.6 14.1
1976 12.3 1.9 6.6 7.8
1977 77.8 1.0 18.1 19,1
Average over
years 68.4 4.0 13.7 13.4
ain 1974, 6.5 inches (nearly half) the total May-Aug. rainfall was received in August, 
not early enough in the season to avert a crop failure.
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Table 9. Correlation coefficients among yearly average corn yield, spring soil moisture, and weather variables, 
Moody moisture-legume experiment, 1958-77a
Corn
yield
Soil
moisture
Plant
population
Rainfall Temperature Pan--evaporation Weather
IndexMay June July August May June July August June July August
1.00 .66 -.16 .38 .13 .67 .16 .30 -.38 -.22 .04 -.31 -.50 -.24 .80
1.00 -.19 .18 -.14 .32 -.01 -.09 -.56 -.24 .21 -.42 -.38 -.06 .22
1.00 -.27 .29 .04 -.26 -.17 .10 .24 -.14 .21 .27 .18 .02
1.00 -.11 -.01 .46 .19 -.01 -.15 .10 -.05 -.06 -.32 .30
1.00 -.11 .06 -.06 -.13 -.40 -.24 -.45 -.28 .14 .34
1.00 -.28 .46 .05 .01 -.11 .01 -.38 -.33 .78
1.00 .06 -.17 .28 -.22 -.19 .30 -.34 .16
1.00 -.06 .11 -.09 -.16 -.11 -.33 .45
1.00 .16 .01 .67 .25 -.22 -.04
1.00 -.28 .52 .83 -.12 -.12
1.00 .31 -.03 .49 -.28
1.00 .58 .22 -.24
1.00 .19 -.40
1.00 -.44
1.00
Correlation coefficients outside the range -.43 to .43 are statistically significant at the 0.05 probability level.
The simple correlation coefficients contained in this table are based on 19 degrees of freedom.
R2 June rainfall, R3 July rainfall, and R4 August rain­
fall. Thus, May and August rainfall were weighted by 
V2, June rainfall by 1, and July rainfall by 2. In this 
way, an index, which is easily calculated and which 
adequately approximates the summer rainfall effect on 
com yields, was obtained. Also, computing a weather 
index by this weighting of monthly rainfall totals is 
consistent with the theory of moisture use by com.
Values of the weather index are presented in Table 
8. In the computation of the weather index, May rain­
fall was adjusted for the time of soil-moisture sampling. 
Sampling was on or close to April 30 most years. When 
sampling was done in April, the amount of rainfall from 
time of sampling until April 30 was added to the May 
rainfall total, but when sampling was done in May, the 
amount between April 30 and the time of sampling was 
subtracted from the May total. The weather index was, 
therefore, a weighted average of rainfall after soil- 
moisture sampling took place.
Regression variables: Other variables
Other variables were considered for possible inclu­
sion in the prediction equation for com yield. As can be 
seen from Table 9, com yields were positively corre­
lated with soil moisture, July rainfall, and the weather 
index, and were negatively correlated with pan evap­
oration. The nonsignificant, but positive, correlation of 
August temperature with com yields was surprising 
because Thompson (1969) found that lower corn yields 
were associated with high August temperatures for the 
Midwest. Plant population was not significantly corre­
lated with corn yields. June, July, and August tempera­
tures, as expected, were positively related to pan evap­
oration for those same months.
Plant population and temperature variables were 
included in preliminary, multiple linear-regression 
equations, but did not have statistically significant re­
gression coefficients when stored soil moisture and the
weather index were included in the equations. When 
com yields were regressed on stored soil moisture, the 
weather index, and monthly pan-evaporation totals, 
only soil moisture and the weather index had coeffi­
cients significant at the 0.05 probability level.
Quadratic terms in stored soil moisture and rainfall 
variables were included in preliminary, multiple 
linear-regression equations. None of the quadratic 
terms significantly improved the model, in contrast to 
results of Holt et al. (1964) who found a significant 
quadratic term for preseason soil moisture. Thus, 
stored soil moisture and the weather index were the 
only variables used in corn-yield prediction equations. 
The ultimate logistic model is nonlinear in these vari­
ables.
A logistic corn-moisture response function
It was noted in the section on com yield analysis of 
variance that, for years with either high or low com 
yields, the effect on corn production of meadow-kill 
treatments was less than when com yields were closer 
to the midrange. It seems that, when the total effective 
water supply is in the very low range, a small addition­
al amount of moisture is not enough to avert crop 
failure. Likewise, when there is sufficient moisture for 
very high com yields, additional moisture will not re­
sult in large production increases. A function that has 
the general properties of the observed response is the 
logistic function.
It is assumed that the yield of the i-th treatment in 
the t-th year is given by the equation
Yit = k[l + exp(C0 + Cx X it + C2 Wt)j 1 + Uj (1)
where X it is the observed soil moisture for the i-th 
treatment in the t-th year, Wt is the weather index for 
the t-th year, and uit is the error for the it-th year- 
treatment combination. It is assumed that
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uit~ vt + eit
where vt is a year component and eit is the plot-within- 
year component. It is assumed that vt is distributed 
with mean zero and variance av2 independent of eit, 
which is assumed to have mean zero and variance cre2.
The parameters of the logistic model (1) were esti­
mated by using the 60 observations composed of the 
three treatment averages for the 20-year period. The 
estimates were obtained by using the ordinary, non­
linear least-squares option NLIN of SAS (Barr et al., 
1976). Because the errors uit contain a year component 
and a within-year component, the standard errors of 
the estimates were estimated separately. The regres­
sion option of SUPER CARP (Hidiroglou et al., 1979) 
was used to estimate the standard errors of the esti­
mates. The estimated response function is
Yit = 148.7 [l + exp(5.903-0.432 Xit- 0.299 Wt)l-1 , 
(10.4) (1.050) (0.091) (0.057)
where the numbers in parentheses are the estimated 
standard errors.
Table 10 contains the analysis of variance for the 
deviations from fit
Ym -  Yjtj = Yjtj -148 .7  [1 + exp(5.903 
-0 .432  Xitg -  0.299 Wt)]“ 1,
where Y^ is the yield of com on the j-th plot of the i-th 
treatment in the t-th year. Only the year effects are 
significant in this table. Thus, one can accept the 
hypothesis that the only effect of treatments on com 
yield was through the effect of the treatments on stored 
soil moisture. Comparing Table 2 and Table 10, we see 
that the model explains about 89 percent of the year-to- 
year variability in yields.
Figure 3 is a plot of the moisture response function. 
The crosses in the figure are the 60 year-treatment 
means used in estimating the function. The abscissa is 
Mit = Xit + 0 .692 Wt, which can be considered a measure 
of total moisture available to the com crop. In terms of
Table 10. Analysis o f  variance fo r  dev ia tion s  o f  observations 
from values p red icted  w ith l o g i s t i c  equation
Source d f SS MS
Series  (S) 3 19,783.30 6 ,594.43**
Treatments (T) 2 141.22 70.61
T x S 6 672.47 112.08
Blocks Within 
S eries  (B) 8 583.56 72.95
P lo t Error 16 2,105.54 131.60
Years Within 
Series  (Y) 16 25,168.68 1 ,573.04**
Y x T 32 3,488.00 109.00
Y x B 32 3,481.20 108.79
P lo t  x Year 
Error 64 5 ,641.21 88.14
Mit, the estimated logistic function is 
Yit = 148.7 [l + exp(5 .903-0.432 M *)]"1.
At the point of most rapid increase (the point of 
inflection in Figure 3), com yields increase 16 bushels 
per acre per inch of Mit. Thus, at this point the increase 
is 16 bushels per acre for each inch of preseason stored 
moisture, and (0.692) (16) = 11 bushels per acre per inch 
of the weather index.
Corn yield probabilities
The estimated logistic function and the weather 
data were used to construct a table of corn yield prob­
abilities for given levels of stored soil moisture. The 
yield distribution was estimated for soil moistures of 1 
to 9 inches in steps of 1 inch.
In constructing the probabilities, it was assumed 
that yields satisfied the model
Y = f(X, W) + e
= 148.7 [1 + exp(5.903 -  0.432 X -  0.299 W)] “ 1 + e
where X is stored moisture, W is the weather index, and 
e is the year-to-year variation not explained by the 
weather index. It is assumed that the weather index is 
normally distributed with mean 13.45 and variance
14.29. These values for mean and variance of the 
weather index W were estimated from the 20 years of 
the experiment. It is assumed that e is normally distri­
buted with mean zero and that
E{e2} = 271.5 if flX, W)>33
= [0.5f(X, W )]2 if flX, W)^33
The variance of e was estimated by using the deviations 
from the fitted logistic model. Because the variance 
about the logistic function is small for small values of 
f(X, W), the model assigns a small probability to nega­
tive yields.
To simulate the com yield distribution, the distribu­
tion of the weather index was approximated by a dis­
crete distribution of 100 values. The 100 values were 
the center points of 100 equal probability cells of a 
normal distribution with mean 13.45 and variance
14.29. The distribution of e was approximated in the 
same way. That is, the distribution was approximated 
by 100 equal probability values corresponding to the 
center points of 100 equal probability cells of a normal 
distribution with mean zero and appropriate variance.
For a given soil moisture, 100 expected yields f(X, 
W) were generated by substituting the 100 (X, W) pairs 
into the logistic equation. For each of these 100 values, 
100 yields were created by adding 100 e-values created 
from the approximating distribution with the correct 
variances. Therefore, the distribution for each soil 
moisture was approximated by 10,000 equal probabil­
ity values. Com yield probabilities for each 20-bushel- 
per-acre range were calculated by dividing the number 
of generated corn yields in that range by 10,000.
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Figure 3. Plot of observed and predicted corn yields against total moisture, Moody moisture-legume experiment, 1958-77.
The probabilities are presented in Table 11. The 
generated probabilities are in general agreement with 
the observed frequencies given in Table 5. There is 
little chance of harvesting more than 80 bushels of com 
per acre when available stored soil moisture is 1 inch 
and little chance of less than 80 bushels per acre when 9 
inches is present. There is about a 50% chance of at 
least 100 bushels per acre for 6 inches of available 
preseason moisture. With 6 inches of stored moisture, 
yields greater than 60 bushels per acre occur more than 
80% of the time. This agrees with the statement by Holt 
et al. (1964) that 6 inches of stored available soil mois­
ture were necessary to produce 70 bushels of com per 
acre under normal weather conditions.
Comparison with 1978-79 data
Data from the experimental area were collected in 
1978 and 1979. Observed soil-moisture measurements 
and com yields for the 2 years are given in Table 12. 
The second from last column of the table contains the 
yield predicted by the logistic function for the observed
soil moisture and weather index. The last column of the 
table contains the deviation between the observed and 
predicted yields divided by the standard deviation of 
the error, e, about the function. (The standard deviation 
is the square root of 271.5). There is close agreement 
between observed and predicted yields in 1978. In 1979, 
the yield for treatment 1 was considerably larger than 
that predicted on the basis of the stored moisture and 
the weather index. The discrepancies between pre­
dicted and observed com yields in 1979 resulted from 
late planting and late rains. In 1979, com was planted 
on May 17, about a week later than usual, and was 75% 
silked on July 30. Over 2V2 inches of rain were received 
July 29 and 30, and almost 10 inches of rain fell in 
August. The prediction equation assigns low weight to 
August rainfall, but in 1979, the com development was 
such that August precipitation enhanced yields. In 
1979, a com hybrid different from that planted for the 
10 previous years was used. A change in yield potential 
or the ability to withstand moisture stress of the new 
variety also could have contributed to yields higher 
than predicted.
Table 11. Corn yield probabilities for given amounts of stored soil moisture; data generated from logistic equation
Stored Soil 
Moisture 
(inches)
Average Yield 
(bushels/acre)
Probability of corn yields (bushels/acre)
Less than 20 20-40 40-60 60-80 80-100 100-120 120-140 140-160 over 160
1 35.2 .399 .244 .161 .103 .056 .026 .009 .002 .000
2 45.7 .276 .230 .186 .141 .091 .050 .020 .005 .000
3 57.2 .175 .194 .190 .171 .131 .086 .041 .011 .001
4 69.7 .101 .145 .173 .183 .167 .130 .074 .024 .003
5 82.5 .053 .097 .139 .173 .189 .177 .120 .045 .007
6 94.8 .025 .058 .098 .147 .190 .216 .176 .077 .015
7 106.1 .010 .031 .062 .108 .171 .236 .235 .121 .025
8 116.1 .004 .014 .035 .072 .137 .235 .288 .174 .042
9 124.4 .001 .006 .017 .042 .098 .215 .327 .231 .063
Table 12. Observed stored soil moisture and observed and predicted c o m  yields for 1978-79.
Weather
Index
(inches)
Observed stored 
soil moisture (inches)
Observed
C o m  yields (bu/A)
Predicted 
C o m  Yields (bu
Deviation of predicted 
from observed values 
divided by the error 
/A) standard deviation
1978
Treatment 1
17.7
4.6 127.1 118.7 0.51
2 7.0 130.6 136.4 -0.35
3 7.8 128.8 139.9 -0.67
1979
Treatment 1
17.2
2.8 127.2 90.5 2.22
2 4.1 123.2 109.4 0.84
3 3.9 126.3 106.4 1.21
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APPENDIX A i
»
Table A -l. Corn yields from 
ment, 1958-79
a ll  p lo ts , Moody moisture-legume experi- Table A-2. Plant-available moisture in the spring o f the corn year 
for a l l  p lo ts , Moody moisture-legume experiment, 1958-79
Year Treatment Block I Block II Block III Year Treatment Block I Block II Block III
1958 i 49.4 44.9 50.7 1958 i 4.5 4.7 4.62 71.8 58.0 57.0 2 6.3 6.6 5.5
3 72.8 75.5 76.0 3 6.7 7.1 8.7
1959 1 48.5 39.5 46.6 1959 1 1.7 1.2 3.2
2 62.0 63.4 56.6 2 1.4 3.3 2.0
3 53.7 47.8 52.4 3 2.9 2.0
5 11960 1 111.2 102.4 102.9 1960 1 7.3 7.9 7.9
2 100.3 96.7 99.7 2 8.5 9.0 8.6
3 98.6 105.8 96.1 3 9.1 9.8 9.5 1
1961 1 64.1 77.5 75.6 1961 1 2.1 4.4 3.7
2 97.4 89.7 94.4 2 3.3 4.1 4.9
3 95.7 94.6 108.2 3 4.4 4.9 7.7 ]
1962 1 110.6 104.7 99.7 1962 1 2.8 6.1 4.3
2 97.2 91.3 82.9 2 3.9 3.3 3.9 I
3 107.1 107.1 88.3 3 5.3 5.1 3.5 I
1963 1 43.2 26.9 25.0 1963 1 1.8 1.2 0.6
2 64.8 56.0 49.0 2 4.4 4.9 2.9 I
3 67.4 53.8 58.9 3 5.2 3.5 4.2
1964 1 100.7 93.2 97.3 1964 1 2.7 2.5 3.7
2 96.6 102.7 83.4 2 2.8 3.7 2.4 >
3 98.2 108.7 91.3 3 3.2 4.0 3.8
1965 1 104.1 116.8 104.2 1965 1 2.9 6.0 2.0 1
2 111.3 113.8 117.5 2 5.4 3.1 3.6
3 99.6 100.5 124.0 3 2.4 2.7 4.9
1966 1 23.8 17.3 24.9 1966 1 4.7 4.4 4.2 1
2 61.7 54.1 59.1 2 6.0 5.9 5.7
3 75.3 68.6 86.7 3 6.8 6.6 7.1
1967 1 1.2 11.0 13.4 1967 1 2.1 2.8 2.2
2 31.8 16.4 33.7 2 3.3 4.1 4.8
3 24.3 26.1 20.8 3 4.6 3.6 4.4
1968 1 0 0 0 1968 1 1.4 1.4
\
1.6
2 0 0 0 2 1.4 1.3 1.3
3 0 0 0 3 1.6 2.4 1.7
1969 1 139.2 140.5 147.2 1969 1 5.4 5.7 6.9
2 152.1 151.9 142.3 2 5.2 6.0 6.2
3 144.6 157.1 162.0 3 5.9 7.4 5.6 ?
1970 1 5.4 4.7 3.0 1970 1 3.3 3.2 3.6
2 0 0 1.2 2 5.2 2.2 3.3
3 3.0 4.5 0 3 3.3 2.6 2.9
1971 1 25.4 41.8 34.6 1971 1 1.1 1.7 1.1
2 52.2 41.4 44.3 2 2.8 1.3 1.9
3 48.3 51.8 51.9 3 2.0 1.6 1.8 >|
1972 1 136.0 133.0 141.0 1972 1 5.9 5.9 6.5
2 140.6 140.6 139.5 2 6.3 6.8 6.5
3 136.6 130.3 138.5 3 7.0 7.2 7.3
1973 1 148.8 134.0 140.2 1973 1 5.8 7.0 5.6
2 151.7 152.0 160.3 2 7.9 8.0 7.7 > !
3 163.4 151.7 148.7 3 8.7 9,2 8.9
1974 1 0 0 0 1974 1 0.7 0.7 1.0 ]
2 0 0.6 0.6 2 2.8 2.9 3.0 *|
3 1.1 11.5 3.6 3 2.8 2.3 4.0
1975 1 68.2 35.2 70.7 1975 , 1 6.0 2.3 2.6 J
2 73.7 60.8 63.8 2 3.4 3.9 2.9
3 54.8 67.5 65.1 3 3.4 4.0 3.6
1976 1 8.0 6.5 5.5 1976 1 0 1.0 12 16.4 17.6 10.2 2 2.3 2.6 2.5 1
3 16.8 12.1 17.5 3 3.0 2.5 3.0
1977 1 62.6 72.9 88.4 1977 1 0.4 1.5 0.7 i
2 72.0 76.2 71.7 2 0.3 0.9 0.7
3 79.1 79.3 98.0 3 2.7 0 1.7
1978 1 129.8 129.4 122.1 1978 1 4.4 5.0 4.4
2 127.9 130.1 133.7 2 7.9 7.2 5.8
3 146.7 123.2 116.6 3 8.4 8.0 7.0
1979 1 128.3 128.8 124.5 1979 1 3.1 2.5
M2.8
2 123.0 119.9 126.7 2 2.6 5.8 4.1
3 128.6 122.6 127.7 3 5.5 3.7 2.5
■
>
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APPENDIX B
Statistical Aspects of Measurement Error 
in Stored Soil Moisture
The presence of measurement error in the indepen­
dent variables in a regression equation results in 
biased and inconsistent estimates of regression coeffi­
cients if ordinary least-squares fitting is used (John­
ston, 1972). In our case, stored soil moisture is an inde­
pendent variable, with measurement errors resulting 
from field variability and inaccuracies in laboratory 
determinations of it. Because there is uncertainty in its 
measurement, we can express the observed soil mois­
ture as
X = x  + u [1]
where X is the observed soil moisture, x is the true soil 
moisture, and u is a random measurement error. It is 
assumed that x and u are uncorrelated.
Under the assumption of a linear relationship be­
tween the dependent variable Y (say, com yield) and 
the true variable x, the ordinary least-squares regres­
sion coefficient calculated by using observed values of Y 
and X has expected value
where (3 is the true regression slope, a| is the variance 
of the true soil moisture, and is the variance of the 
measurement error in X. Thus, the slope calculated by 
using the usual linear regression formula is biased 
toward zero when measurement error is present.
One way to lessen the effect of measurement error is 
to average stored soil-moisture observations. For exam­
ple, averaging stored soil-moisture over the three 
blocks reduces the measurement error variance by a 
factor of one-third, but reduces the variability in true 
soil moisture by less than one-third (see equation [1]). 
By equation [2], this would have the effect of reducing
the bias in the regression coefficient. This method of 
reducing the effect of measurement error was used in 
running preliminary multiple-regression equations 
and calculating the correlation matrix. Annual aver­
age soil moisture values (averages of nine observations) 
were used in some calculations.
A second way to obtain better estimates in the pres­
ence of measurement error is to use a method of esti­
mating regression coefficients other than ordinary 
least squares. Johnston (1972) and Fuller (1978) dis­
cuss maximum-likelihood estimators. The calculation 
of these estimators requires an estimate of a£, the 
measurement error variance.
Estimates of cr£ can be obtained directly from re­
peated sampling or by using an internal statistical 
method. The internal estimate of measurement error 
variance for these data was estimated by P. F. Dahm 
(1979) to be cr£ = 0.49 in2. Methods for determining a 
multiple linear regression equation of com yields on 
stored soil moisture and the weather index are pre­
sented in Dahm’s dissertation. Two direct sampling 
estimates from the experimental area were made and 
agreed well with the internal estimate. The estimated 
response of com yield to stored soil moisture obtained 
by these methods differed from the estimates presented 
in this bulletin by less than one-half the standard 
errors of the estimates.
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